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Abstract
OBJECTIVE: To summarized the antimicrobial-like
effects of Radix Ginseng, which provide important
information to the relevant researchers and clini-
cians, and will benefit the clinical treatment of in-
fectious diseases.
METHODS: PubMed and Google were used to
search for and collect scientific publications related
to Radix Ginseng and microbial infections. The au-
thors read, classified, and discussed the associated
scientific results or evidences, and summarized the
corresponding results.
RESULTS: In this review, recent studies on the bene-
ficial effects of Radix Ginseng extracts on microbial
and biofilm infections were reviewed. The impor-
tance and significance of Radix Ginseng's beneficial
effects are discussed. Evidence for the favorable ef-
fects of Radix Ginseng extracts on viral, bacterial,
fungal, and parasitic infections and the possible un-
derlying mechanisms are summarized.
CONCLUSION: Radix Ginseng might be a promising
supplemental remedy for the prevention and treat-
ment of infectious diseases.
© 2014 JTCM. All rights reserved.
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INTRODUCTION
Radix Ginseng is an ancient and famous Chinese herbal
medicine, which has been used in China and northeast-
ern Asian countries for more than 5000 years.1 The
first report describing the medical use of Radix Ginseng
can be traced back to a Chinese book on materia medi-
ca, Shen Nong Ben Cao Jing, during Qin and Han Dy-
nasties (221 BC-220 AD).1 The classic text was pub-
lished around 100 BC. in the West Han Dynasty and
states that Radix Ginseng supports the five visceral or-
gans, calms the nerves, tranquilizes the mind, stops
convulsions, expunges evil spirits, clears the eyes, and
improves memory.2 The classic also says that Radix Gin-
seng helps to restore Yin and Yang and increase longevi-
ty.2 Modern research has demonstrated that Radix Gin-
seng possessed important biological effects, which bet-
ter explain its effects on some diseases or on body func-
tions. Radix Ginseng can modulate functions of the cen-
tral nervous system,3-6 cardiovascular system,5,7-9 endo-
crine system,5,6,10-12 immune system,5,6,13-19 improve me-
tabolism, enhance body growth in children,2-4,7-9,20,21 ex-
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hibit anticancer activity,5,6,22-24 protect against radia-
tion,25,26 prevent aging,5,21 and prevent fatigue.5,27,28 Fur-
thermore, Radix Ginseng has been investigated for its
effects on infections. This review focuses on the de-
velopment and progress in treatment of infections
with Radix Ginseng.
RADIX GINSENG'S EFFECT ONVIRAL
INFECTION
Viruses are one of the most common microbes that can
result in human infections. The common viral infec-
tions include common cold, influenza, hepatitis, pneu-
monia, acquired immune deficiency syndrome, and di-
arrhea. Some viruses are not only highly infectious, but
also difficult to control and sometimes life threatening.
The development of antiviral measures is essential for
the control of viral infections. Animal study has dem-
onstrated that co-administration of 25 mg of inactivat-
ed influenza virus A PR8 and Radix Ginseng aqueous
extract (200 mg/kg body weight) intranasally in mice
twice (day 0 and 14) induced significantly higher levels
of IgA antibody in the lungs and intestines, compared
with the mice that received only inactivated virus.29 In
addition, at 15 days post-influenza A virus challenge,
the splenocytes from the mice co-administered with Ra-
dix Ginseng and the inactivated influenza virus pro-
duced higher levels of T helper type 1 (Th1) and Th2
cytokines, especially interleukin (IL)-4 and IL-5 com-
pared with those from the mice immunized with the in-
activated virus alone.29 Similar results were also ob-
tained by other researchers using ginsenosides.30 Yoo et
al 31 found that Radix Ginseng acidic polysaccharide
(12.5-50.0 mg/kg body weight) pretreatment, co-ad-
ministration, and administration after lethal challenge
with influenza H1N1 or H3N2 virus significantly en-
hanced survival rates and lowered viral titers in the
lungs of mice. Yin et al 32 compared the in vivo anti-In-
fluenza A H1N1 effects of Radix Ginseng polysaccha-
rides, aqueous extract of whole Radix Ginseng Rubra,
Radix Ginseng saponins, and PBS in the mice infected
with 50% lethal dose of the virus, and found the re-
spective survival rates were 78%, 67%, 56%, and 17%.
Zhai et al 33 reported that oral administration of Radix
Ginseng stem-and-leaf saponins at 5 mg/kg 7 days be-
fore vaccination with live Newcastle disease vaccine in
chicken induced significantly better systemic and mu-
cosal immunity compared with those receiving Radix
Ginseng after vaccination. In a multicenter, two-arm,
randomized, placebo-controlled, double blind investi-
gation, 227 volunteers received either placebo or 100 mg
of Radix Ginseng standardized extract G115 orally once
a day for 12 weeks. All volunteers received an anti-in-
fluenza polyvalent vaccination at week 4. There were
42 cases of influenza or common cold in the placebo
group between week 4 and 12, but only 15 cases in the
Radix Ginseng group (P<0.05).34 Furthermore, anti-
body titers and natural killer activities in the Radix Gin-
seng group were significantly higher than those in the
placebo group (P<0.05).34 In the controlled clinical tri-
als involving 747 participants, taking Radix Ginseng
preparations for 8-16 weeks reduced the total number
of common colds by 25% compared with placebo, and
Radix Ginseng shortened the duration of colds or other
acute respiratory infection by 6.2 days.35
Baek et al 36 reported that Radix Ginseng pectic polysac-
charides rescued cell viability from rotavirus infection
dose-dependently. This was because the Radix Ginseng
polysaccharides could inhibit rotavirus from attaching
to the cells. Clinical studies demonstrated that Radix
Ginseng treatment significantly slowed down the deple-
tion of CD4 cells in human immunodeficiency virus
(HIV) type-1 infected patients.37 Combination treat-
ment with antiretroviral therapy and Radix Ginseng sig-
nificantly increased the CD4 numbers in blood and re-
duced the resistance mutations.38 Panaxagin, a protein
from Radix Ginseng displayed an inhibitory activity
against HIV reverse transcriptase in vitro.39 Canadian
researchers found that a patented Radix Ginseng extract
decreased the symptoms of viral infection in clinical tri-
als. Further investigation demonstrated that Radix Gin-
seng extract induced the maturation of human mono-
cyte-derived dendritic cells, which activated memory
T-cells and stimulated the response of Th-1 cytokines.40
In the vaccinations of porcine parvovirus and
foot-and-mouth disease virus in mice, Radix Ginseng sa-
ponins induced better Th1 and Th2 immune responses
against the viral infections, compared with those with-
out Radix Ginseng.41,42 Lee et al 43 reported that pretreat-
ment with red Radix Ginseng extract and ginsenosides
could significantly reduce the titer of hepatitis A virus
in the FRhK-4 cell line compared with the controls,
but the mechanism remains unknown. Cho et al 44
found that pretreatment with red Radix Ginseng extract
resulted in significant resistance to infection of herpes
simplex virus in mice vagina from increased vaginal
IFN-g and activation of NK cells.
Clearly, the administration of Radix Ginseng extracts
(saponins, polysaccharides, aqueous extract, or pro-
teins) has some interesting effects against viral infec-
tions by means of modulation of immune systems (Ta-
ble 1). Immune responses can be divided into Th1
type (cellular immunity) and Th2 (humoral immuni-
ty). When a virus invades the human body, coopera-
tion of both cellular immunity and humoral immunity
is required for an effective defense response. Antibodies
prevent the attachment and invasion of virus from mu-
cosa and clear the free viruses from blood stream,
whereas cellular immunity is required for clearance of
the virus-infected cells. Radix Ginseng modulated both
Th1 and Th2 immune responses, which might account
for the anti-viral immune response.
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RADIX GINSENG'S EFFECT ON
BACTERIAL INFECTION
The development of antibiotic resistance has become a
serious problem worldwide. The emergence of multi-
ple-drug-resistant bacterial strains significantly reduces
the effects of antibiotics. Therefore, there is an urgent
need for the development of new antimicrobial agents
that target other mechanisms than our present antibiot-
ics to reduce the rapid development of resistance. Pseu-
domonas aeruginosa is a Gram-negative opportunistic
pathogen responsible for infections in patients with cys-
tic fibrosis, thermal injury, chronic wounds, chronic
obstructive lung diseases, urinary tract infection, and
immunocompromised patients. The bacterium is a no-
torious biofilm former and therefore shows a remark-
able resistance to even the highest deliverable doses of
multiple antibiotics.45 It has been demonstrated that
biofilm-growing bacterial cells are 100-1000 times
more resistant to antibiotics than their planktonic
counterparts.46 Successful treatments of bacterial bio-
film infections are therefore difficult. However, Radix
Ginseng research may have beneficial effects on biofilm
formation. In vitro studies showed that Radix Ginseng
(without inhibiting the growth of P. aeruginosa) was ca-
pable of reducing the amounts of quorum sensing
(QS) signal molecules BHL and OdDHL in a concen-
tration-dependent manner, and subsequently lowered
the concentrations of QS controlled virulence factors
in the supernatants of P. aeruginosa cultures.47 In addi-
tion, Radix Ginseng successfully prevented mucoid and
nonmucoid P. aeruginosa strains from forming bacteri-
al biofilm in vitro.48 Furthermore, Radix Ginseng admin-
istration caused dispersal of seven-day-matured bio-
films of both mucoid and nonmucoid P. aeruginosa in
flow chambers.48 Observation under confocal micro-
scope suggested a significant activation of bacterial mo-
tilities upon exposure to Radix Ginseng. A motility test
confirmed that Radix Ginseng activated both swim-
ming and twitching motilities, but reduced QS-depen-
dent swarming motility in both of the mucoid and
nonmucoid P. aeruginosa.48
In vivo study demonstrated that Radix Ginseng treat-
ment significantly enhanced bacterial clearance from
the lungs and reduced the severity of lung pathology in
animals with artificial P. aeruginosa biofilm pneumo-
nia, compared with the control group.14,16,49,50 Further
studies indicated that Radix Ginseng up-regulated the
Th1 immune response and down-regulated the Th2 re-
sponse in chronic P. aeruginosa infected animals,
which favored the host to clear the bacterial infections
and reduced inflammation.14,16,49-51 Canadian researchers
found that American Radix Ginseng exerted similar ef-
fects on P. aeruginosa QS and biofilms. However,
American Radix Ginseng possessed direct classical anti-
microbial activities in vitro including growth inhibition,52
which was significantly different from Radix Ginseng.
These series of in vitro and in vivo Radix Ginseng stud-
ies demonstrated that the immune modulating effects,
QS repressing effects, and the biofilm dispersing effects
of Radix Ginseng on P. aeruginosa biofilms make it a
promising candidate in the treatment of chronic P. ae-
ruginosa biofilm infections.
In the other bacterial investigations, Ahn et al 53 report-
ed that pretreatment with Radix Ginseng polysaccha-
ride ginsan (25 mg/kg, i.v.) significantly increased the
survival rate of mice exposed to a lethal bacterial intra-
peritoneal challenge as compared with the control
group. In Staphylococcus aureus infection, survival rate
increased from 10% to 88% , and in E. coli, from
13.3% to 100% , and in cecal ligation and puncture
model, from 0% to 60%.53 Meanwhile, ginsan pretreat-
ment dramatically reduced the bacterial colony forma-
tion unit counts in the bloodstream, spleen and kidney
compared to the non-treated control group, which
might be correlated with activation of the bactericidal
activity of peritoneal macrophages by ginsan.53 In addi-
tion, ginsan pretreatment down-regulated blood inter-
leukin-1b (IL-1b), IL-6, IL-10, IL-12, IL-18, tumor
necrosis factor-α (TNF)-α, and interferon-g (IFN-g)
in comparison with the non-ginsan pretreated group.53
Lim et al 54 also found similar effects of Radix Ginseng
polysaccharide (0.025 mg/kg i.v.) against Staphylococ-
cus aureus septicemia via activation of peritoneal mac-
rophages in mice, and demonstrated a synergic effect
of Radix Ginseng polysaccharide with vancomycin. Jap-
anese researchers demonstrated that some polyacety-
lenes isolated from Radix Ginseng hairy root culture
have some antimicrobial effects against Staphylococcus
aureus, Bacillus subtilis, Cryptococcus neoformans,
and Aspergillus fumigatus.55 In another study, Radix
Ginseng showed protective rescuing effect against Heli-
cobacter pylori-induced cytotoxicity and DNA muta-
genesis in vitro, increased the eradication rate of H. py-
lori when co-administered with H. pylori eradication
drugs, decreased the severity of H. pylori induced gas-
tric inflammation, reduced oxidative DNA damage
and apoptosis, and inhibited H. pylori adherence to
host cells.56,57
In summary, the administration of Radix Ginseng water
extracts or Radix Ginseng polysaccharides in vivo and
in vitro showed clear effects against bacterial or bacteri-
al biofilm infections. These extracts work not only by
modulation of immune responses, but also by chang-
ing the motilities of some Gram-negative bacteria via
partly interfering with quorum sensing and other un-
known mechanisms. Therefore, this area needs further
investigation. Radix Ginseng polyacetylenes were found
to possess some direct antimicrobial effects. The effects
of Radix Ginseng on bacteria are summarized in Table 2.
RADIX GINSENG'S EFFECT ON
FUNGAL INFECTION
Ng et al 39 found that Chinese Radix Ginseng exhibited
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anti-Fusarium oxysporum and anti-Coprinus comatus
effects in vitro. Lee et al 58 reported that Radix Ginseng
component Rg1 had no direct anti-Candida albicans ef-
fect. However, intraperitoneal administration of Rg1
before intravenous challenge with live C. albicans sig-
nificantly protected the mice from disseminated candi-
diasis with a much lower kidney Candida CFU count
compared with the non-Rg1 treated mice. This differ-
ence was because of the production of IFN-g via activa-
tion of CD4+ T-cells by Rg1. Anti-mouse IFN-g could
successfully abolish the protective effects activated by
Rg1 administration.58 In another study done by Sung
and Lee, 100 mg/mL of ginsenosides showed a time-de-
pendent treatment effect against C. albicans when com-
pared with a positive control amphotericin B at a con-
centration of 2.5 mg/mL.59 Radix Ginseng polyacety-
lenes showed certain degrees of anti-Cryptococcus neo-
formans and Aspergillus fumigatus effects as compared
with amphotericin B and negative control.55 These re-
sults suggest that Radix Ginseng possesses a certain de-
gree of direct or indirect anti-fungal effects. To clarify
these effects, more studies are needed.
RADIX GINSENG'S EFFECT ON
PARASITIC INFECTION
Han et al 60 had recently reported their comparison
study of Radix Ginseng polysaccharides and ginsen-
osides on malaria in mice. ICR mice were infected
with Plasmodium yoelii intravenously at the parasite
dose of 1×107/mL. Mice were then treated with Radix
Ginseng total polysaccharides, acidic Radix Ginseng
polysaccharides, total ginsenosides, and protopanaxadi-
ol-type ginsenosides and compared with saline (nega-
tive control) and artesunate (positive control) treated
groups. Ginsenosides treatments showed clear anti-Plas-
modium yoelii parasitemia effects in a dosage-depen-
dent manner at day 4 after infection as compared with
the controls, but Radix Ginseng polysaccharides did not
show any effects.60 However, the roles changed with
time. Radix Ginseng polysaccharides showed much bet-
ter dose-dependent anti-Plasmodium yoelii parasitemia
effects at days 6 and 8 after infection, compared with
the ginsenosides.60 Treatment with acidic Radix Ginseng
polysaccharides resulted in significantly stronger phago-
cytosis by peritoneal macrophages and it showed a syn-
ergistic anti-malaria effect with artesunate.60 The au-
thors speculated that the observed anti-malaria effects
of Radix Ginseng might be from activation of immune
responses. These findings suggested that Radix Ginseng
might play a role in the future treatment of malaria in-
fections. However, to confirm the anti-malaria effects
of Radix Ginseng and the mechanism behind that,
more studies should be performed.
SUMMARY AND PROSPECT
It has been demonstrated by many experimental stud-
ies that Radix Ginseng possesses inhibitory bioactivity
against viruses, bacteria, fungi, and parasites. The
mechanisms behind these Radix Ginseng effects might
partly be from activation of immune defense mecha-
nisms, and partly from a direct effect of Radix Ginseng
on the physiology or biochemistry of the microorgan-
isms. For example, Radix Ginseng may cause changes in
cyclic di-GMP in bacterial cells, which is now under
our investigation and will be published soon. Although
the precise mechanisms have to be unraveled, the im-
portance and significance of Radix Ginseng's antimicro-
bial effects on pathogens are promising.
The active compounds of Radix Ginseng with the de-
sired bioactivities are still not accurately identified.
Chemical analysis demonstrates that Radix Ginseng
contains volatile oil, saponins, antioxidants, proteins
and peptides, polysaccharides, fatty acids, alcohols, and
vitamins.2,6,20 The present body of knowledge indicates
that Radix Ginseng saponins or ginsenosides and Radix
Ginseng polysaccharides are the major bio-active com-
pounds in Radix Ginseng.5,6 However, a single compo-
nent might not be able to explain all biological effects
of Radix Ginseng ; sometimes a combination of several
Radix Ginseng components shows better effects. To clar-
ify the facts, more work is needed.
REFERENCES
1 Song X, Hu S. Adjuvant activities of saponins from tradi-
tional Chinese medicinal herbs. Vaccine 2009; 27(36):
4883-4890.
2 Huang KC. Herbs with multiple actions. In: Huang KC.
The Pharmacology of Chinese Herbs. Boca Raton: CRC
Press, Inc., 1993: 21-45.
3 Xie X, Wang HT, Li CL, et al. Ginsenoside Rb1 protects
PC12 cells against beta-amyloid-induced cell injury. Mol
Med Report 2010; 3(4): 635-639.
4 Lee ST, Chu K, Sim JY, Heo JH, Kim M. Panax ginseng
enhances cognitive performance in Alzheimer disease. Al-
zheimer Dis Assoc Disord 2008; 22(3): 222-226.
5 Choi KT. Botanical characteristics, pharmacological ef-
fects and medicinal components of Korean Panax ginseng
C A Meyer. Acta Pharmacol Sin 2008; 29(9): 1109-1118.
6 Wee JJ, Mee PK, Chung AS. Biological activities of gin-
seng and its application to human health. In: Benzie IFF,
Wachtel-Galor S. Herbal Medicine: Biomolecular and
Clinical Aspects. 2nd edition. Boca Raton: CRC Press,
2011: Chapter 8.
7 Zhou H, Hou SZ, Luo P, et al. Ginseng protects rodent
hearts from acute myocardial ischemia-reperfusion injury
through GR/ER-activated RISK pathway in an endothelial
NOS-dependent mechanism. J Ethnopharmacol 2011; 135
(2): 287-298.
8 Yi XQ, Li T, Wang JR, et al. Total ginsenosides increase
coronary perfusion flow in isolated rat hearts through acti-
vation of PI3K/Akt-eNOS signaling. Phytomedicine
2010; 17(13): 1006-1015.
9 Ahn CM, Hong SJ, Choi SC, Park JH, Kim JS, Lim DS.
230
JTCM |www. journaltcm. com April 15, 2014 |Volume 34 | Issue 2 |
Wu H et al. / Review
anti-Fusarium oxysporum and anti-Coprinus comatus
effects in vitro. Lee et al 58 reported that Radix Ginseng
component Rg1 had no direct anti-Candida albicans ef-
fect. However, intraperitoneal administration of Rg1
before intravenous challenge with live C. albicans sig-
nificantly protected the mice from disseminated candi-
diasis with a much lower kidney Candida CFU count
compared with the non-Rg1 treated mice. This differ-
ence was because of the production of IFN-g via activa-
tion of CD4+ T-cells by Rg1. Anti-mouse IFN-g could
successfully abolish the protective effects activated by
Rg1 administration.58 In another study done by Sung
and Lee, 100 mg/mL of ginsenosides showed a time-de-
pendent treatment effect against C. albicans when com-
pared with a positive control amphotericin B at a con-
centration of 2.5 mg/mL.59 Radix Ginseng polyacety-
lenes showed certain degrees of anti-Cryptococcus neo-
formans and Aspergillus fumigatus effects as compared
with amphotericin B and negative control.55 These re-
sults suggest that Radix Ginseng possesses a certain de-
gree of direct or indirect anti-fungal effects. To clarify
these effects, more studies are needed.
RADIX GINSENG'S EFFECT ON
PARASITIC INFECTION
Han et al 60 had recently reported their comparison
study of Radix Ginseng polysaccharides and ginsen-
osides on malaria in mice. ICR mice were infected
with Plasmodium yoelii intravenously at the parasite
dose of 1×107/mL. Mice were then treated with Radix
Ginseng total polysaccharides, acidic Radix Ginseng
polysaccharides, total ginsenosides, and protopanaxadi-
ol-type ginsenosides and compared with saline (nega-
tive control) and artesunate (positive control) treated
groups. Ginsenosides treatments showed clear anti-Plas-
modium yoelii parasitemia effects in a dosage-depen-
dent manner at day 4 after infection as compared with
the controls, but Radix Ginseng polysaccharides did not
show any effects.60 However, the roles changed with
time. Radix Ginseng polysaccharides showed much bet-
ter dose-dependent anti-Plasmodium yoelii parasitemia
effects at days 6 and 8 after infection, compared with
the ginsenosides.60 Treatment with acidic Radix Ginseng
polysaccharides resulted in significantly stronger phago-
cytosis by peritoneal macrophages and it showed a syn-
ergistic anti-malaria effect with artesunate.60 The au-
thors speculated that the observed anti-malaria effects
of Radix Ginseng might be from activation of immune
responses. These findings suggested that Radix Ginseng
might play a role in the future treatment of malaria in-
fections. However, to confirm the anti-malaria effects
of Radix Ginseng and the mechanism behind that,
more studies should be performed.
SUMMARY AND PROSPECT
It has been demonstrated by many experimental stud-
ies that Radix Ginseng possesses inhibitory bioactivity
against viruses, bacteria, fungi, and parasites. The
mechanisms behind these Radix Ginseng effects might
partly be from activation of immune defense mecha-
nisms, and partly from a direct effect of Radix Ginseng
on the physiology or biochemistry of the microorgan-
isms. For example, Radix Ginseng may cause changes in
cyclic di-GMP in bacterial cells, which is now under
our investigation and will be published soon. Although
the precise mechanisms have to be unraveled, the im-
portance and significance of Radix Ginseng's antimicro-
bial effects on pathogens are promising.
The active compounds of Radix Ginseng with the de-
sired bioactivities are still not accurately identified.
Chemical analysis demonstrates that Radix Ginseng
contains volatile oil, saponins, antioxidants, proteins
and peptides, polysaccharides, fatty acids, alcohols, and
vitamins.2,6,20 The present body of knowledge indicates
that Radix Ginseng saponins or ginsenosides and Radix
Ginseng polysaccharides are the major bio-active com-
pounds in Radix Ginseng.5,6 However, a single compo-
nent might not be able to explain all biological effects
of Radix Ginseng ; sometimes a combination of several
Radix Ginseng components shows better effects. To clar-
ify the facts, more work is needed.
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